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AUTOMATED ROUTE DETERMINATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Application No. 
60/406,629, titled "Automated Route Determination" and filed August 29, 2002, which is 
incorporated by reference in its entirety. 

TECHNICAL FIELD 

This document relates to determining a preferred route between an origin location 
and a destination location. 
10 

BACKGROUND 

A preferred route between an origin location and a destination location may be 
determined by a computer system. A computer system may be used to search for an 
optimal path through a directed graph (e.g., a collection of nodes and edges) that 

15 represents a network of roads and intersections. Each edge (or line) of the graph may 
represent a road in a map, and each node of the graph may represent an intersection of 
two or more roads or a terminal point of a road, such as a dead end road. The path that 
requires the least distance or time may be determined, for example, by using the Dijkstra 
method or A* method. The conventional Dijkstra method or A* method may determine 

20 the optimal route based on the distance and/or time required to travel between two nodes. 



SUMMARY 

In one general aspect, a preferred route may be determined using a computer- 
implemented routing system. The routing system is used to access an origin and a 
25 destination in a routing graph. The routing graph represents a network of roads. The 
routing graph includes two or more nodes and one or more links. Each directed link is 
associated with a direction of travel from a starting node to an ending node. Each 
directed link represents a road. Each node represents an intersection that includes at least 
one road. The routing system is used to determine a preferred route from the origin to the 
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destination by identifying at least one no-outlet link in the routing graph. The preferred 
route is communicated from the routing system to a user system. 

Implementations may include one or more of the following features. For 
example, a preferred route from the origin to the destination may be determined by 
5 comparing the density of directed links in a first region of the routing graph to the density 
of the directed links in a second region of the routing graph. A preferred route may also 
be determined by applying a factor to a speed associated with a particular directed link 
based on the density of the directed links in a region of the routing graph in which the 
particular directed link is located. 
10 The preferred route may be determined by using directed link information for at 

least one directed link. Directed link information may include a cost associated with the 
directed link, whether the directed link enters a no-outlet region, whether the directed link 
lies within a no-outlet region, and an intersection cost for each directed link-to-link 
transition. 

15 The preferred route may be determined by using node information for at least one 

node. Node information may include one or more directed links that link to the node, the 
number of driveable links that link to from the node, and the total number of links that 
link to the node. 

The preferred route may be a preferred route for driving a vehicle or walking from 

20 the origin to the destination. 

The routing system may be a routing system provided through an Internet service 
provider. The routing system and the user system may use the same processor. The 
preferred route may be communicated from the routing system to the user system over a 
connection establishing using the Internet. 

25 Implementations of the techniques described may include a method or process, an 

apparatus or system, or computer software on a computer-accessible medium. The details 
of one or more implementations are set forth below. Other features will be apparent from 
the description and drawings, and from the claims. 
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DESCRIPTION OF DRAWINGS 

FIG 1 is a block diagram of a communications system capable of determining a 
preferred route. 

FIG 2 is an expansion of the block diagram of Fig. 1. 

FIGS. 3 A, 3 and 4 are diagrams illustrating a process to determine a preferred 
route between two nodes on a routing graph. 

FIG 5 is a block diagram that illustrates the results of determining a preferred 

route. 

FIGS. 6 and 7 are block diagrams of example data structures used in determining 
a preferred route. 

FIG 8 is a diagram of components that may be used for determining a preferred 

route. 

FIGS. 9 and 10 are flow charts illustrating processes that may be performed to 
determine a preferred route. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Techniques are provided for determining a preferred route from an origin location 
to a destination location. The determination is made by processing directed links (e.g., 
one-way edges) in a graph that includes one or more links and two or more nodes. The 
determination of a preferred route may include an estimate of the waiting time required at 
one or more intersections along alternative routes. Individual routing preferences, such 
as a preference of a rural route over an urban route, also may be considered. Techniques 
are described that may help reduce the time required to identify a preferred route, 
including the identification and removal of paths leading into regions where no outlet or 
through route exists before processing the directed links, data initialization techniques, 
and techniques using particular data formats. 

For illustrative purposes, FIGS. 1 and 2 describe a communications system that 
may be used to request and provide routes between origin and destination locations. For 
brevity, several elements in the figures described below are represented as monolithic 
entities. However, as would be understood by one skilled in the art, these elements each 
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may include numerous interconnected computers and components designed to perform a 
set of specified operations and/or dedicated to a particular geographical region. 

Referring to FIG. 1, a communications system 100 is capable of delivering and 
exchanging data between a client system 105 and a host system 110 through a 
5 communications link 115. The client system 105 typically includes one or more client 
devices 120 and/or client controllers 125, and the host system 110 typically includes one 
or more host devices 135 and/or host controllers 140. For example, the client system 105 
or the host system 110 may include one or more general-purpose computers (e.g., 
personal computers), one or more special-purpose computers (e.g., devices specifically 

10 programmed to communicate with each other and/or the client system 105 or the host 
system 110), or a combination of one or more general-purpose computers and one or 
more special-purpose computers. The client system 105 and the host system 110 may be 
arranged to operate within or in concert with one or more other systems, such as, for 
example, one or more LANs ("Local Area Networks") and/or one or more WANs ("Wide 

1 5 Area Networks"). 

The client device 120 (or the host device 135) is generally capable of executing 
instructions under the command of a client controller 125 (or a host controller 140). The 
client device 120 (or the host device 135) is connected to the client controller 125 (or the 
host controller 140) by a wired or wireless data pathway 130 or 145 capable of delivering 

20 data. 

Each of the client device 120, the client controller 125, the host device 135, and 
the host controller 140 typically includes one or more hardware components and/or 
software components. An example of a client device 120 or a host device 135 is a 
general-purpose computer (e.g., a personal computer) capable of responding to and 
25 executing instructions in a defined manner. Other examples include a special-purpose 
computer, a workstation, a server, a device, a component, other physical or virtual 
equipment or some combination thereof capable of responding to and executing 
instructions. 

An example of the client controller 125 or the host controller 140 is a software 
30 application loaded on the client device 120 or the host device 135 for commanding and 
directing communications enabled by the client device 120 or the host device 135. Other 
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examples include a program, a piece of code, an instruction, a device, a computer, a 
computer system, or a combination thereof, for independently or collectively instructing 
the client device 120 or the host device 135 to interact and operate as described. The 
client controller 125 and the host controller 140 may be embodied permanently or 
5 temporarily in any type of machine, component, physical or virtual equipment, storage 
medium, or propagated signal capable of providing instructions to the client device 120 
or the host device 135. 

The communications link 115 typically includes a delivery network 160 that 
provides a direct or indirect communication link between the client system 105 and the 

10 host system 110, irrespective of physical separation. Examples of a delivery network 160 
include the Internet, the World Wide Web, WANs, LANs, analog or digital wired and 
wireless telephone networks (e.g., PSTN ("Public Switched Telephone Network"), ISDN 
("Integrated Services Digital Network"), and DSL ("Digital Subscriber Line") including 
various forms of DSL such as SDSL ("Single-line Digital Subscriber Line"), ADSL 

15 ("Asymmetric Digital Subscriber Loop), HDSL ("High bit-rate Digital Subscriber Line"), 
and VDSL ("Very high bit-rate Digital Subscriber Line), radio, television, cable, satellite, 
and/or any other delivery mechanism for carrying data. The communications link 115 
may include communication pathways 150, 155 that enable communications through the 
one or more delivery networks 160 described above. Each of the communication 

20 pathways 150, 155 may include, for example, a wired, wireless, cable or satellite 
communication pathway. 

FIG. 2 illustrates a communication system 200 including a client system 205 
communicating with a host system 210 through a communications link 215. Client 
system 205 typically includes one or more client devices 220 and one or more client 

25 controllers 225 for controlling the client devices 220. Host system 210 typically includes 
one or more host devices 235 and one or more host controllers 240 for controlling the 
host devices 235. The communications link 215 may include communication pathways 
250, 255 that enable communications through the one or more delivery networks 260. 
Examples of each element within the communication system of FIG. 2 are 

30 broadly described above with respect to FIG. 1 . In particular, the host system 210 and 

the communications link 215 typically have attributes comparable to those described with 
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respect to the host system 110 and the communications link 115 of FIG. 1, respectively. 
Likewise, the client system 205 of FIG. 2 typically has attributes comparable to, and may 
illustrate one possible implementation of, the client system 105 of FIG. 1. 

The client device 220 typically includes a general purpose computer 270 having 
5 an internal or external storage 272 for storing data and programs such as an operating 
system 274 (e.g., DOS, Windows®, Windows® 95, Windows® 98, Windows® 2000, 
Windows® NT, Windows® Millennium Edition, Windows® XP, OS/2, and Linux) and 
one or more application programs. Examples of application programs include authoring 
applications 276 (e.g., word processing, database programs, spreadsheet programs, 

10 presentation programs, and graphics programs) capable of generating documents or other 
electronic content; client applications 278 (e.g., AOL ("America Online") client, 
CompuServe client, AIM ("America Online Instant Messenger") client, AOL TV 
("America Online Television") client, and an ISP ("Internet Service Provider") client) 
capable of communicating with other computer users, accessing various computer 

15 resources, and viewing, creating, or otherwise manipulating electronic content; and 

browser applications 280 (e.g., Netscape's Navigator and Microsoft's Internet Explorer) 
capable of rendering standard Internet content. 

The general-purpose computer 270 also includes a central processing unit 282 
(CPU) for executing instructions in response to commands from the client controller 225. 

20 In one implementation, the client controller 225 includes one or more of the application 
programs installed on the internal or external storage 272 of the general-purpose 
computer 270. In another implementation, the client controller 225 includes application 
programs externally stored in and executed by one or more device(s) external to the 
general- purpose computer 270. 

25 The general-purpose computer 270 typically will include a communication device 

284 for sending and receiving data. One example of the communication device 284 is a 
modem. Other examples include a transceiver, a set-top box, a communication card, a 
satellite dish, an antenna, or another network adapter capable of transmitting and 
receiving data over the communications link 215 through a wired or wireless data 

30 pathway 250. The general-purpose computer 270 also may include a TV ("television") 
tuner 286 for receiving television programming in the form of broadcast, satellite, and/or 
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cable TV signals. As a result, the client device 220 can selectively and/or simultaneously 
display network content received by the communications device 284 and television 
programming content received by the TV tuner 286. 

The general-purpose computer 270 typically will include an input/output interface 
5 288 to enable a wired or wireless connection to various peripheral devices 290. 

Examples of peripheral devices 290 include, but are not limited to, a mouse 291, a mobile 
phone 292, a personal digital assistant 293 (PDA), a keyboard 294, a display monitor 295 
with or without a touch screen input, and/or a TV remote control 296 for receiving 
information from and rendering information to subscribers. Other examples may include 

10 voice recognition and synthesis devices. 

Although FIG. 2 illustrates devices such as a mobile telephone 292, a PDA 293, 
and a TV remote control 296 as being peripheral with respect to the general-purpose 
computer 270, in another implementation, such devices may themselves include the 
functionality of the general-purpose computer 270 and operate as the client device 220. 

15 For example, the mobile phone 292 or the PDA 293 may include computing and 
networking capabilities, and may function as a client device 220 by accessing the 
delivery network 260 and communicating with the host system 210. Furthermore, the 
client system 205 may include one, some, all, or none of the components and devices 
described above. 

20 FIG. 3 A illustrates an exemplary process to determine a preferred route from an 

origin location ("origin") to a destination location ("destination") on a routing graph 
300A. Routing graph 300A includes a Springfield node, a Jonestown node, a Redding 
node, and a Brooksfield node. Each node represents a particular city. Directed link 31 OA 
represents a road that connects Springfield with Jonestown. Directed link 320A 

25 represents a road that connects Jonestown with Redding. Directed link 330A represents a 
road that connects Springfield with Brooksfield. Directed link 340A represents a road 
that connects Brooksfield with Redding. 

A process to determine a preferred route from Springfield to Redding begins by 
determining which of the directed links 31 OA and 330A that are adjacent to the origin, 

30 Springfield, should be examined first. The directed link 3 3 OA is examined first because 
directed link 3 1 OA has a lower cost (here, 6) than directed link 330A that has a cost of 16. 
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The routing system determines that the destination Redding has not yet been found and 
proceeds to expand the route from directed link 31 OA. 

The route is expanded from directed link 31 OA to include directed link 320A. 
The routing system determines an accumulated cost of the route from Springfield to 
5 Redding. The accumulated cost of the route is determined by including the cost from the 
origin to the previous directed link (here, 6), an intersection cost associated with traveling 
through the intersection of the previous directed link and the adjacent directed link (here, 
0), and a cost associated with traversing the adjacent directed link (here 7). The 
accumulated cost of traveling from Springfield to Redding is 13. The routing system 

10 determines that the destination Redding has been found. 

The alternative route from Springfield to Brooksfield to Redding has an 
accumulated cost of 36. The accumulated cost of the Springfield to Brooksfield to 
Redding is based on a cost from the origin Springfield to Brooksfield (here, 16), the 
intersection cost of traveling through the Brooksfield intersection (here, 4), and the cost 

15 of traveling from Brooksfield to Redding (here, 16). The cost of the route from 

Springfield to Jonestown to Redding (here, 13) is less than the cost of the route from 
Springfield to Brooksfield to Redding (here, 36), and as such, the route from Springfield 
to Jonestown to Redding is the preferred route. 

Various aspects of this simplified illustration are described more fully in the 

20 following, as are various other features and combinations of features. 

Referring to FIGS. 3 and 4, a process determines a preferred route from an origin 
to a destination on a routing graph 300. The determination of a preferred route also may 
be referred to as a search for a preferred route. In some cases, a preferred route may be 
an optimal route based on time and/or distance traveled. In other cases, a preferred route 

25 may be a non-optimal route. For example, a route that circumvents an urban area may be 
preferred even when the route is longer than a corresponding urban route. 

In general, the routing graph 300 includes a collection of directed links (e.g., one- 
way edges) and nodes. A node on the routing graph 300 is represented by a point and is 
labeled by an uppercase alphabetic character (e.g., A, B, or C). A directed link on the 

30 routing graph 300 is represented by a line (or edge) that connects two nodes. A directed 
link may be referenced using an ordered pair of nodes where the order of the nodes 
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corresponds to the direction of travel. For example, a line between two nodes B and C 
includes two directed links, namely a directed link from B to C that may be referred to as 
directed link BC, and another directed link from C to B that may be referred to as 
directed link CB. 

5 The routing graph 300 includes directed links AB 310L, BC 315L, CD 320L, BE 

325L, CF 330L, EF 335L, EG 340L, GH 345L, HI 350L, IJ 355L, HL 360L, LK 365L, 
and GM 370L. The routing graph also includes other directed links (e.g., CB, DC, and 
EB). The routing graph 300 also includes nodes A 3 1 ON, B 3 1 5N, C 320N, D 325N, E 
330N, F 335N, G 340N, H 350N, I 355N, J 360N, K 365N, L 370N, and M 375N. 

10 FIG 4 illustrates a process 400 to determine a preferred route using directed links. 

The process may be performed by a routing system, such as, for example, host system 
110 of FIG 1 or host system 210 of FIG 2. In general, to determine a preferred route, the 
routing system processes a particular directed link from a set of directed links by 
identifying one or more directed links that are adjacent to the end node of the particular 

15 directed link. For each directed link identified, the routing system determines a cost 

associated with the directed link and adds the directed link and its associated cost to the 
set of directed links. The routing system continues by selecting a directed link from the 
set and identifying one or more directed links that are adjacent (e.g., expanding the search 
set) until the destination has been reached or found. The destination has been reached, 

20 for example, when one or more identified directed links that include the destination as an 
end node. The preferred route is determined based on the collection of identified directed 
links (e.g., a route) that has the lowest cost. 

The process 400 begins when an origin and a destination are received or 
otherwise obtained by the routing system (step 410). The origin received may be a 

25 directed link or a node that is associated with an origin location from which the preferred 
route is to start. Similarly, the destination received may be a directed link or a node from 
which the preferred route is to end. When a node is received as an origin, a directed link 
that includes the origin node as an end node may be identified. The identified directed 
link may be placed in a directed link list. Alternatively, one or more directed links that 

30 are adjacent to the origin node may be identified and placed in a directed link list. The 
directed link list may be referred to as an adjacency set or a priority set. The adjacency 
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set may be organized as a data set, a database table, an object instance, a linked list, a 
XML-document, a text file, or another data structure. The data structure may be stored in 
persistent or transient storage, including a portion of memory of the routing system. 

The routing system selects a directed link from the adjacency set (step 420). The 
end node of the selected directed link is used as a focus point from which one or more 
adjacent direct links are identified, processed, and added to the adjacency set. This may 
be referred to as expanding the search or expanding the adjacency set. The routing system 
may select a particular directed link from the adjacency set based on a cost associated 
with the directed link. The routing system may select the directed link associated with 
the least cost. For example, the directed links in the adjacency set may be maintained in 
order from the least cost to the greatest cost (i.e., sorted by cost). The routing system 
then may select the directed link that appears first in the adjacency set to select the 
directed link with the least cost. Some implementations may use other processes or 
software engineering techniques to determine the directed link with the least cost and/or 
otherwise determine a focus point for the search. 

When a directed link has been selected from the adjacency set (step 420), the 
routing system then determines whether the destination has been found or identified (step 
425). For example, the routing system determines whether the selected directed link 
corresponds to the destination directed link received. The routing system also may 
determine whether the selected directed link has an end node equal to the destination end 
node. In some implementations, the directed link may be added to the done set when the 
directed link is selected in step 420. 

When the routing system determines that the destination has not been found (step 
425), the routing system identifies a directed link that is adjacent to the end node of the 
selected directed link (step 430). The identified directed link may be referred to as an 
adjacent directed link. To identify a directed link that is adjacent to the end node, the 
routing system may access node information stored in a table or list. The node 
information may include a list of the directed links that are adjacent to each node in the 
routing graph. This may be referred to as an adjacent directed link list. The routing 
system may identify a directed link that is adjacent to an end node by selecting one of the 
directed links in the adjacent directed link list. 



10 



Attorney Docket: 06975-3 1 8002 



In some implementations, the routing system may select a directed link from the 
adjacent directed link list based on the order in which the directed links are presented in 
the list of directed links. If so, the order of the directed links in the directed link list in 
the node information may help reduce the time required to determine a preferred route. 
5 For example, when determining a driving route, the driveable directed links may be 
presented first. A driveable link refers to a directed link that may be used by a vehicle 
proceeding in the direction of the directed link. A two-way road is an example of a 
driveable link. In contrast, a directed link is not a driveable directed link when the 
directed link is a one-way road having a travel direction not in the desired direction. A 
10 routing system that selects the driveable directed links to process before the selection of 
directed links that are not driveable may result in a more efficient routing determination 
process. 

Alternatively or additionally, a routing system may identify a directed link that is 
adjacent to the end node of the selected directed link based on the access of directed link 
15 information that includes the start node of the directed link. The routing system may 

identify a directed link in step 430 by searching the directed link information to identify a 
particular directed link that includes a start node that matches the end node of the selected 
directed link. 

The routing system determines whether the adjacent directed link is a directed 
20 link that enters a no-outlet region, and, if so, processes the directed link accordingly (step 
440). A no-outlet region refers to a region of a routing graph that, when entered, may 
only be exited by traversing the reverse directed link used to enter the region. In FIG 3, 
for example, a no-outlet region 380 may include the directed links GH 345L, HI 350L, U 
355L, HL 360L, and LK 365L. The corresponding directed links in the opposition 
25 direction HQ IH, JI, KL, and LH also are within the no-outlet region. The directed link 
GH 345L is a directed link that enters the no-outlet region, and may be identified as a 
directed link that occurs within the no-outlet region. In some implementations, the 
directed link (here, GH 345L) that enters the no-outlet region may not be identified as a 
directed link that occurs within the no-outlet region. 
30 The determination of whether the directed link is a directed link that enters a no- 

outlet region and associated conditional processing (step 440) includes three sub-steps. 
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The first sub-step is the determination of whether the directed link is a directed link that 

enters a no-outlet region (sub-step 440a). The routing system may make the 

determination of whether the directed link is a directed link that enters a no-outlet region, 

for example, based on directed link information stored in a table or list. The directed link 
5 information may include whether a particular directed link enters a no-outlet region. The 

routing system may identify directed links that enter a no-outlet region, for example, 

based on a process described below with respect to FIG 10. 

Alternatively or additionally, the routing system may make the determination of 

whether a directed link is a directed link that enters a no-outlet region, for example, based 
10 on the dynamic execution of a process the same as or similar to the process described 

with respect to FIG 10. 

When the routing system determines that the adjacent directed link is not a 

directed link that enters a no-outlet region (sub-step 440a), the routing system determines 

a cost for the adjacent directed link (step 450). The cost determined may include the cost 
15 from the origin to the previous directed link, an intersection cost associated with traveling 

through the intersection of the previous directed link and the adjacent directed link, and a 

cost associated with traversing the adjacent directed link. 

The cost from the origin to the previous directed link may be determined based on 

the accumulated cost associated with the previous directed link. Alternatively, the cost 
20 from the origin to the previous directed link may be determined based on the storage by 

the routing system of an aggregate cost of the each particular route that is included in the 

search process. 

The intersection cost associated with traveling through the intersection of the 
previous directed link and the adjacent directed link may be based on the inferred 

25 presence of a stop sign, yield sign, traffic light, or other type of traffic control that may 
increase the likelihood of a stop at an intersection. The likelihood of a stop at an 
intersection may be referred to as a stop level of the intersection. The stop level may also 
include an estimate of the length of time waiting at the intersection. The stop level of the 
intersection may be based on the types of roads that intersect. For example, the stop level 

30 of an intersection may be based on the intersection of two roads of differing road class 
type (e.g., an interstate, a U.S. highway, a state road, and a local road). The stop level 
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that may be assigned to an intersection may be a value that occurs within a predetermined 
range of allowed values. For example, a stop level may be from negative two to two. 
Negative stop level values may represent more favorable conditions (e.g., a stop is less 
likely to occur and the time cost associated with the intersection is less severe). Positive 
5 stop level values may represent less favorable conditions (e.g., a stop is more likely to 
occur and the time cost associated with the intersection is more severe). 

Additionally or alternatively, a name change of roads associated with the 
intersection may be determined. A higher intersection cost may be associated with a road 
name change than an intersection cost that does not include a road name change. 

10 Additionally or alternatively, the intersection cost associated with traveling 

through the intersection of the previous directed link and the adjacent directed link may 
be based on the geometry of the roads at the intersection. The geometry of the 
intersection may describe the number of roads and the orientation of each road to one or 
more other roads that intersect. 

15 Additionally or alternatively, the intersection cost associated with traveling 

through the intersection of the previous directed link and the adjacent directed link may 
be based on one or more conditions that may include an intersection with a turn 
restriction, a false intersection, a ferry, a ramp-to-ramp transition, a merge from a ramp to 
a non-ramp, an exit from a non-ramp to a ramp, a first limited-access link to a second 

20 limited-access link, a limited-access link to a non-limited access link, an intersection with 
three links, or an intersection with four or more links. 

The routing system may determine the intersection cost associated with traveling 
through the intersection of the previous directed link and the adjacent directed link, for 
example, based on directed link information stored in a table or list that includes an 

25 intersection cost associated with a particular turn in an intersection. The intersection cost 
information for a turn in an intersection may be determined by a process described below 
with respect to FIG 9. Alternatively or additionally, the routing system may make the 
determination of an intersection cost for an intersection, for example, based on the 
dynamic execution of a process the same as or similar to the process described with 

30 respect to FIG 9. The use of an intersection cost may result in a route that has fewer 
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maneuver changes (e.g., the route may tend to stay on the same roads longer) than if an 
intersection cost was not included in the cost of the route. 

The cost associated with traversing the adjacent directed link may be a 
predetermined cost value for traversing the adjacent directed link. The cost also may be a 
5 cost value that is determined based on a formula. For example, a cost may be determined 
based on the length of the adjacent directed link multiplied by a reciprocal of an estimate 
of an assumed travel speed or other assumed travel speed. The assumed travel speed may 
be multiplied by a factor that favors or disfavors the directed link in the determination of 
a preferred route. 

10 In some implementations, the routing system may include a cost associated with a 

directed link based on the density of the directed links within a predetermined area in 
which the directed link is located. The routing system may include a density cost as part 
of the cost for traversing the adjacent directed link. For example, a routing graph or a 
geographical area may be divided into equal-sized areas. The equal-sized areas may be 

15 referred to as tiles. A tile may be based on longitude and latitude coordinates. The 

density of a particular tile may be determined based on the number of directed links that 
are included in the tile. The density of one tile may be compared with the density of a 
different tile. A cost associated with traversing a particular directed link may reflect the 
density of the tile in which the directed link is located. For example, a directed link in a 

20 lower density tile may be given a lower density value than the density value given to a 
different directed link located in a tile with a higher density of directed links. A routing 
system that includes a density value may permit the determination of a preferred route 
based on a preference for routes that occur through lower density regions. Lower density 
regions may correspond to rural routes, and higher density regions may correspond to 

25 urban routes. 

When the routing system has determined a cost for the adjacent directed link, the 
routing system updates the adjacency set (step 455). When the adjacent directed link is 
not included in the adjacency set, the routing system updates the adjacency set by adding 
the adjacent directed link to the adjacency set and associating the cost determined in step 

30 450 with the adjacent directed link in the adjacency set. When the adjacent directed link 
is included in the adjacency set, the routing system updates the adjacency set by first 



14 



Attorney Docket: 06975-318002 



comparing the cost associated with the adjacent directed link in the adjacency set to the 
cost determined in step 450 for the adjacent directed link. Then the routing system 
updates (step 455) the adjacency set by updating the cost associated with the adjacent 
directed link with the cost determined for the adjacent directed link in step 450. This 
update may not be performed unless the cost determined in step 450 for the adjacent 
directed link is less than the cost associated with the adjacent directed link in the 
adjacency set. 

When the routing system has updated the adjacency set (step 455), the routing 
system determines whether more directed links adjacent to the end node that is the focus 
point are to be processed (step 460). If so, the routing system proceeds to identify a 
directed link that is adjacent to the end node (step 430), as previously described above. If 
not, the routing system selects a directed link from the adjacency set (step 420) and 
proceeds as described previously. 

When the routing system determines that the adjacent directed link is a directed 
link that enters a no-outlet region (sub-step 440a), the routing system determines whether 
the destination lies within a no-outlet region (sub-step 440b). If the destination is not 
within the no-outlet region, all routes that enter the no-outlet region may be skipped when 
determining the preferred route. The routing system discontinues processing of the 
adjacent directed link (sub-step 440c) (e.g., the routing system does not determine a cost 
for the adjacent directed link in step 450). This eliminates searching of all directed links 
that lie beyond the directed link that enters the no-outlet region. The routing system takes 
appropriate action to continue the search without processing the adjacent directed link. 
For example, the routing system may identify a different directed link that is adjacent to 
the end node of the selected directed link (step 430). 

When the routing system determines that the destination lies within the no-outlet 
region (sub-step 440b), the routing system continues the processing of the directed link 
by determining a cost for the adjacent directed link (step 450). The routing system 
continues as described previously. 

When no additional directed links are adjacent to the end node (step 460), the 
routing system may select a directed link for which the end node is used to expand the 
search (step 420). 
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When the routing system determines that the destination has been found or 
identified (step 425), the routing system determines the least-cost route (step 480). The 
routing system may determine the least-cost route by tracing back through the adjacent 
directed links that comprise the route. For example, the routing system may trace back 
through the adjacent directed links that comprise the route through the use of information 
that identifies the previous directed link for each directed link in the adjacency set. Other 
software engineering methods, processes or techniques may also be used to determine the 
least-cost route after the destination has been found. The least-cost route also may be 
referred to as a preferred route. 

The capability of a routing system to identify a directed link that enters a no-outlet 
region may help improve the efficiency in which a preferred route is determined. For 
example, the directed links that emanate from the directed link that enters a no-outlet 
region may be eliminated from processing. In FIG. 3, the directed links HI 3 SOL, U 
355L, HJ 360L, and LK 365L may be eliminated from processing when GH 345L is 
identified as a directed link that enters the no-outlet region 380. The directed links 
HI 350L, IJ 355L, HJ 360L, and LK 365L may be referred to as no-outlet links. 

Alternatively, when the destination lies within a no-outlet region, some 
implementations may eliminate the determination of whether a directed link enters a no- 
outlet region (step 440) for one or more portions of process 400. The determination of 
whether a directed link enters a no-outlet region (step 440) may be performed for some of 
the directed links selected in step 430 and not for other directed links selected in step 430. 
For example, when a directed link is selected in step 430 and the directed link is within a 
predetermined distance from the destination, the determination of whether a directed link 
enters a no-outlet region (step 440) may be skipped. This allows the search to proceed to 
the destination. When a directed link is selected in step 430 and the directed link is not 
within a predetermined distance from the destination, the determination of whether a 
directed link enters a no-outlet region (step 440) may be performed. When the 
determination of whether a directed link enters a no-outlet region (step 440) is eliminated 
for portions of process 400 (e.g., the determination is performed for some directed links 
and not for other directed links), the determination of a preferred route may be more 



16 



Attorney Docket: 06975-3 1 8002 



efficient than if the determination of whether a directed link enters a no-outlet region was 
not performed for any directed links during the performance of process 400. 

The elimination of a directed link that enters a no-outlet region and/or directed 
links that occur within a no-outlet region may help improve the efficiency with which a 
5 preferred route is determined. The directed link itself and the directed links that emanate 
from the directed link (e.g., the no-outlet links within the no-outlet region) may be 
eliminated from processing. This may result in a substantial reduction of the number of 
directed links processed during the determination of a preferred route. 

Some implementations may select a particular node in step 420 and identify a 

10 directed link that is adjacent to the selected node in step 430. 

The use of directed links when a preferred route is determined may provide 
advantages over a conventional method of processing nodes to determine a route. For 
example, a route determination process that uses nodes may prohibit a route that passes 
through the same node more than once in a route. This restriction may result in a less- 

15 than-optimal route under some circumstances, such as when particular types of turn 
restrictions are imposed on a preferred route. For instance, when a preferred route 
includes a left turn at a particular intersection of two roads and a left turn is prohibited at 
the intersection, the preferred route may go straight through the intersection, make three 
right turns, and pass straight through the intersection a second time (because the left turn 

20 is prohibited). Such a preferred route may be prohibited in a node-based processing 
system that prohibits a route that passes through the same node more than once. 

FIG 5 illustrates the results of determining a preferred route using directed links. 
A preferred route is determined from node B 315N to node M 375N in routing graph 300 
of FIG 3. Data 500 includes an adjacency set 510 that includes one or more directed 

25 links that have been identified by the routing system as adjacent (or otherwise near) a 
particular portion of the route graph 300 (e.g., adjacent to an end node of a particular 
directed link). The adjacency set also may be referred to as a priority set. 

Data 500 also includes a done set 520 that includes one or more directed links for 
which processing has been completed. The done set 520 also may be referred to as a 

30 completed set. A particular directed link is moved from the adjacency set 510 to the done 
set 520 when the routing system has completed processing of the particular directed link. 
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The routing system begins the routing determination process with the adjacency 
set 5 10 and the done set 520 empty of directed links. The routing system receives node B 
315N as the origin and node M 375N as the destination node. For example, the nodes 
may be received in a manner similar to the manner described with respect to step 410 in 
5 FIG 4. The routing system accesses node information for node B 315N to determine that 
the directed link BC 315L and the directed link BE 325L are adjacent to node B 315N, 
for example, in a manner similar to the manner described with respect to step 430 in FIG 
4. The routing system adds the directed link BC 530 and the directed link BE 532 to the 
adjacency set. For each directed link BC and BE in the adjacency set, the routing system 

10 determines a directed link cost. The directed link cost is determined in a manner similar 
to the manner described with respect to step 450 in FIG 4. Specifically, the routing 
system determines the directed link cost by summing the previous cost to get to the start 
node of the directed link, an intersection cost associated with traveling through the 
intersection of the previous directed link and the directed link, and a cost associated with 

1 5 traversing the directed link. The directed link BC includes the origin node B 3 1 5N as the 
starting node. Here, the previous cost for the directed link is zero, as is the intersection 
cost. The cost to traverse directed link BC 315L is 1 as shown in FIG 3. The routing 
system associates the directed link cost of 1 with the directed link BC 530 in the 
adjacency set 510. Similarly, the routing system determines a directed link cost of 2 for 

20 directed link BE 532. Because the directed link BE 325L emanates from the starting 
node B 3 15N, the directed link cost for directed link BE is based on the cost of 2 to 
traverse the directed link, as shown in FIG 3. 

The routing system selects directed link BC (particularly, end node C) to use as a 
focus point in expanding the adjacency set, for example, in a manner similar to the 

25 manner described with respect to step 420 in FIG 4. Specifically, directed link BC has 
the least directed link cost of the directed links BC 530 (with a directed link cost of 1) 
and BE 532 (with a directed link cost of 2) in the adjacency set. The routing system 
accesses node information for node C 320N to determine that directed links CD 320L and 
CF 330L in FIG. 3 are adjacent to directed link BC 315L, for example, in a manner 

30 similar to the manner described with respect to step 430 in FIG 4. The routing system 
also may determine that directed link CB is adjacent to node B 315N. The routing 
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system does not process directed link CB because directed link CB requires a U-turn and 
typically is not the preferred route. Some implementations may process directed link CB 
in the same manner as the routing system processes directed links CD 320L and CF 330L 
in FIG 3. 

The routing system determines that the destination node M 375N in FIG 3 has not 
yet been identified, for example, in a manner similar to the manner described with respect 
to step 425 in FIG 4. 

The routing system selects directed link CD 320L as a particular adjacent directed 
link with which to work (see, e.g., step 430 in FIG 4). The routing system determines 
that CD 320L is not a directed link that enters a no-outlet region (see, e.g., step 440 in 
FIG 4). The routing system then determines the cost for directed link CD 320L (see, e.g., 
step 450 in FIG 4). The cost from the origin (here, B 315N) to the previous directed link 
(here, BC) is 1 as reflected in the cost associated with directed link BC 530 in the 
adjacency set. The routing system adds the intersection cost associated with traveling 
through the intersection of directed link BC and directed link CD. Here, the route travels 
straight through node C 320N. The intersection cost associated with traveling straight 
through node C 320N is 0, as shown in FIG 3. This intersection cost of 0 may reflect, for 
example, that a road name change does not occur and that the road that corresponds to 
directed link BC and directed link CD is an U.S. highway. The cost of traversing the 
adjacent directed link (here, CD 320L) is 11, as shown in FIG 3. The routing system 
associates a cost of 12 with directed link CD 535 in the adjacency set 510. 

The routing system selects directed link CF 330L as a particular adjacent directed 
link with which to work (see, e.g., step 430 in FIG 4). The directed link CF 330L is a 
directed link adjacent to the end node C 320N of directed link BC. The routing system 
determines that the directed link CF 330L is not a directed link that enters a no-outlet 
region and so proceeds to determine a cost associated with the directed link CF 330L that 
is adjacent to end node C of directed link BC. The routing system determines the cost for 
directed link CF 330L. The cost from the origin (here, B 315N) to the previous directed 
link (here, BC) is 1 as reflected in the cost associated with directed link BC 530 in the 
adjacency set. The routing system adds the intersection cost associated with traveling 
through the intersection of directed link BC and directed link CF. Here, the intersection 
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cost associated with the geometry of the roads turning left through node C 320N is 4, as 
shown in FIG 3. The cost of traversing the adjacent directed link (here, CF 330L) is 2, as 
shown by FIG 3. The routing system associates a cost of 7 with directed link CF 540 in 
the adjacency set 510. The routing system stores the directed link CF 540 in sort order in 
the adjacency set 510, as shown in FIG 5. 

The routing system determines that no more directed links are adjacent to end 
node B 315N (see, e.g., step 460 in FIG 4). The routing system moves the directed link 
BC 530 from the adjacency set 510 to the done set 520. This may help improve the 
efficiency of determining a preferred route. For example, moving a directed link from 
the adjacency set 5 10 to the done set 520 may permit the routing system to select the first 
directed link in the adjacency set without determining whether the first directed link has 
been processed (e.g., the directed links adjacent to the end node of the directed link have 
been identified and a cost has been associated with each adjacent directed link). 

The routing system selects directed link BE (particularly, end node E) to use as a 
focus point in expanding the adjacency set. The routing system selects directed link BE 
532 because directed link BE 532 has the least cost of the directed link remaining in the 
adjacency set (e.g., the directed links that have not yet been processed). The routing 
system also may determine that directed link EB is adjacent to node E 330N. The routing 
system does not process directed link EB because directed link EB requires a U-turn from 
node E 330N and typically is not the preferred route. 

The routing system determines that the destination node M 375N in FIG 3 has not 
yet been identified (e.g., step 425 in FIG 4). 

The routing system accesses node information to determine that directed link EG 
340L in FIG 3 is adjacent to directed link BE 325L (see, e.g., step 430 in FIG. 4). The 
routing system determines that directed link EG 340L is not a directed link that enters a 
no-outlet region. The routing system determines the directed link cost for the directed 
link EG 340L. The cost from the origin to the previous directed link (here, BE) is 2, 
based on the directed link cost of BE 532 in the adjacency set. The intersection cost 
associated with traveling through the intersection of BE 325L to EG 340L is 0, as shown 
in FIG 3. This intersection cost may be based on the types of roads that intersect or other 
intersection costing factors and condition information. The cost to traverse directed link 
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EG 340L is 2. The directed link cost for EG 340L is 4. The routing system associates the 
directed link cost of 4 with directed link EG 542 in the adjacency set 510. 

The routing system proceeds with determining the directed link cost for directed 
link EF 335N in FIG 3. The cost from the origin to the previous directed link (here, BE) 
is 2, based on the directed link cost of BE 532 in the adjacency set. The intersection cost 
associated with traveling through the intersection of BE 325L to EF 335N is 1, as shown 
in FIG 3. This intersection cost may be based on the type of roads that intersect, a name 
change of the intersecting roads, the geometry of the intersection, or other intersection 
costing factors or intersection condition information. The cost to traverse directed link 
EF 335N is 2. The directed link cost for EF 335N is 5. The routing system associates the 
directed link cost of 5 with directed link EF 545 in the adjacency set 510. 

The routing system determines that no more directed links are adjacent to end 
node E 330N, for example, in a manner similar to the manner described with respect to 
step 460 in FIG 4. The routing system moves the directed link BE 532 from the 
adjacency set 510 to the done set 520. 

The routing system selects directed link EG 542 (particularly, end node G) to use 
as a focus point in expanding the adjacency set based on the directed link cost of the 
directed links in the adjacency set 510. The routing system selects directed link EG 542 
because the directed link EG 542 has the least cost of the directed links that remain in the 
adjacency set (e.g., the directed links that have not yet been processed). The routing 
system determines that the destination node M 375N in FIG 3 has not yet been identified, 
for example, in a manner similar to the manner described with respect to step 425 in FIG 
4. 

The routing system accesses node information to determine that directed link GH 
345L in FIG 3 is adjacent to directed link EG 340L (see, e.g., step 430 in FIG 4). The 
routing system determines that directed link GH 345L is a directed link that enters a no- 
outlet region. Consequently, the routing system may not determine the directed link cost 
for the directed link GH 345L. The directed link GH 345L is not be placed in the 
adjacency set 5 10 or the done set 510. This may help ensure that directed links that are 
accessible only through GH 345L, such as directed links HI 350L, IJ 355L, HL 360L, and 
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LK 365L, are not processed. This may help improve the efficiency of determining a 
preferred route. 

The routing system proceeds with determining the directed link cost for directed 
link GM 370L in FIG 3. The cost from the origin to the previous directed link (here, EG 
542) is 4, based on the directed link cost of EG 542 in the adjacency set. The intersection 
cost associated with traveling through the intersection of EG 340L to GM 370L is 0, as 
shown in FIG 3. This intersection cost may be based on the type of roads that intersect, a 
name change of the intersecting roads, the geometry of the intersection, or other 
intersection costing factors or intersection condition information. The cost to traverse 
directed link GM 370L is 3, as shown in FIG 3. The directed link cost for GM 370L is 7. 
The routing system associates the directed link cost of 7 with directed link GM 550 in the 
adjacency set 510. 

The routing system determines that no more directed links are adjacent to end 
node G 340N (see, e.g., step 460 in FIG 4). The routing system moves the directed link 
EG 542 from the adjacency set 5 10 to the done set 520. In some implementations, the 
routing system may move the directed link to the done set when the directed link is 
selected in step 420. 

The routing system determines that the destination node M 375N in FIG 3 has 
been identified (see, e.g., step 425 in FIG 4). In some implementations, the routing 
system may continue to search for a preferred route even after identifying the destination 
node. A routing system may continue to search even after identifying the destination 
node because the first route identified may not be the preferred route. In some 
implementations, particularly in implementations that move a selected directed link to the 
done set in step 420, the routing system may continue processing a selected route until 
the directed link that includes the destination end node is place in the done set. For 
example, the routing system may continue processing until the directed link GM is placed 
in the done set 520. The routing system may select and process the directed link EF 335L 
(steps 420-455) and select the directed link GM in step 420. The routing system then 
may add the directed link GM to the done set and determine that the destination has been 
found. 
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The routing system determines the least-cost route by traversing from the directed 
link that includes the destination node as an end node. Here, the routing system traverses 
from directed link GM 370L to directed link EG 340L to directed link BE 325L, which 
includes the origin node B 3 15N as a starting node. The routing system may traverse the 
directed links, for example, by storing the previous directed link for each directed link in 
the adjacency set 510. Some implementations may use other software engineering 
methods, processes, and/or techniques to traverse the directed links that are included in 
the preferred route. The least-cost and preferred route traverses BE 325L, EG 340L, and 
GM 370L. 

Some implementations may use other software engineering methods, processes 
and/or techniques to determine the cost from the origin to a previous directed link when 
determining the directed link cost of a particular directed link. For example, the routing 
system may traverse the links from the previous link to the origin and accumulate the 
directed link cost for the each link traversed. 

In some implementations, the adjacency set and done set may be a simple list or a 
sorted list. In such implementations, clearing the information associated with previous 
route determinations may be straightforward. Other implementations may store 
temporary information per node or directed link in the route network. The temporary 
information may describe whether a particular node or particular directed link belongs to 
an adjacency set, a done set, or neither the adjacency set or done set. The temporary 
information also may describe the associated cost and predecessor information for a node 
or directed link. In such implementations, the time to determine a preferred route may be 
reduced when the routing system does not clear or initialize the associated cost and/or 
predecessor directed link in the temporary information before beginning the 
determination of a preferred route. The determination of a preferred route is not affected 
because the routing system associates a cost and predecessor directed link when the 
directed link is processed (e.g., the cost and predecessor directed link from a previous 
route determination is overwritten with the cost and predecessor directed link associated 
with the current route determination process). 

For example, temporary information may include for each directed link, an 
associated cost, a predecessor directed link, and an indication of whether the directed link 
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has been processed (e.g., moved to a done set or the adjacency set). The routing system 
may prepare the temporary information for the start of a new search by modifying each 
indicator to indicate that the directed link to which the indicator relates has not been 
processed (not in either the adjacency nor done set). The cost and predecessor directed 
link information from the prior route determination process may be modified (e.g., 
overwritten) by the subsequent route determination process. This may provide efficiency 
improvements over an implementation that removes, deletes, or otherwise clears the 
entire temporary information before starting a new search. Similarly, efficiency 
improvements may occur when only portions of the temporary information are cleared 
from the routing system memory or other data storage device. FIG 6 is an example of a 
data structure 600 for node information. Node information may be used by one or more 
steps in the determination of a preferred route. The data structure 600 represents an 
example of how node information may be organized. In general, the node information in 
data structure 600 is used in a process to determine a preferred route. In some cases, the 
node information in data structure 600 or portions of the node information in data 
structure 600 may be created and stored using data structure 600 during a process to 
determine a preferred route. This may be referred to as the dynamic generation of node 
information. 

The node information data structure 600 includes a node identifier 610, directed 
links 620, a driveable link count 630, and a total link count 640. The node identifier 610 
uniquely identifies the particular node. Directed links 620 identify the directed links that 
are adjacent to the node. For example, directed links 620 may include a list of the 
directed link identifiers that are adjacent to the node. Directed links 620 also may point 
to a position in a directed link index that is associated with the first directed link that is 
adjacent to the node. When the directed link index is organized so that the directed links 
adjacent to a particular node are linked, additional directed links that are adjacent to the 
node also may be identified. The driveable link count 630 indicates the number of 
drivable directed links that are adjacent to the node. The total link count 640 indicates 
the total number of links (e.g., driveable directed links and non-driveable directed links) 
that are adjacent to the node. In some implementations, the node identifier 610 may be 
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determined based on the position information of the node relative to one or more other 
nodes and/or one or more directed links. 

FIG 7 is an example of a data structure 700 for directed link information. 
Directed link information may be used by one or more steps in the determination of a 
5 preferred route. The data structure 700 represents an example of how directed link 

information may be organized. In general, the directed link information in data structure 
700 is used in a process to determine a preferred route. In some cases, the directed link 
information in data structure 700 or portions of the directed link information in data 
structure 700 may be created and stored using data structure 700 during a process to 

10 determine a preferred route. This may be referred to as the dynamic generation of 
directed link information. 

The directed link data structure 700 includes a directed link identifier 710, a speed 
720, a distance 730, an enters-a-no-outlet-region indicator 740, a within-no-outlet 
indicator 750, an intersection cost for each directed-link-to-link transition 760, and an end 

15 node identifier 770. The directed link identifier 710 uniquely identifies a particular 

directed link. The speed 720 identifies an average speed for traversing the directed link. 
The distance 730 indicates the distance to traverse the directed link. Collectively, the 
speed 710 and the distance 730 may be used to determine a cost to traverse the directed 
link. Some implementations may include a cost in lieu of or in addition to the speed 720 

20 and the distance 730. The enters-a-no-outlet-region indicator 740 identifies a directed 

link that enters a no-outlet region, as described previously with respect to FIGS. 3 and 5. 
The within-no-outlet indicator 750 indicates whether the directed link is located within a 
no-outlet region, as described previously with respect to FIGS. 3 and 5. The intersection 
cost for each directed link-to-link transition 760 includes an intersection cost for each 

25 alternative at an intersection. For example, the intersection cost may indicate a cost for 
proceeding straight through the intersection without turning, turning right at an 
intersection, and turning left at an intersection. The end node identifier 760 uniquely 
identifies the particular node that is the end node of the directed link. 

Some implementations may include a start node identifier. The ability to traverse 

30 between node information, such as the node information that uses node information data 
structure 600 in FIG 6, and directed link information, such as directed link information 



25 



Attorney Docket: 06975-318002 



that uses directed link information data structure 700, may be useful in determining a 
preferred route. For example, a routing process may identify the directed links that are 
adjacent to a particular node, then identify the end node of a particular directed link, then 
identify the directed links from that end node, and so on. 

Some implementations may use other software engineering techniques to identify 
a particular node and/or a particular directed link. For example, a geographic tiling 
method may be used in which a geographic region, such as the United States, is overlaid 
with a grid of blocks or tiles. Each tile may correspond to a portion of the geographic 
region and may be interlinked. For each tile, the latitude and longitude coordinates may 
be associated with a particular reference point of a tile (e.g., the lower left corner of a 
tile). A particular location (e.g., a particular node or a particular directed link) may be 
identified based on an association with a particular tile and the location of the particular 
location within the tile. 

FIG 8 depicts the components 800 that may be used in determining a preferred 
route. The routing system may be, for example, host system 110 of FIG 1 or host system 
210 of FIG 2. The components 800 include processing components 810 and data 
components 820. The processing components 810 include routing interface generator 
830, a route data processor 835, a route search processor 840, and a route results 
presentation processor 845. The data components include node information 850, directed 
link information 855, and routing results 860. 

The routing interface generator 830 may generate a user interface for 
communicating with a user. For example, the user interface generated by the routing 
interface generator 830 may receive information from a user and initiate a process to 
determine a preferred route based on information received from a user. The information 
received may include an origin location, a destination location, or both. The information 
received also may include routing preferences, such as a preference for a rural route over 
an urban route. 

The route data processor 835 may use geographic, road or other routing data to 
transform the routing data into node information 850 and directed link information 855 
that may be used in determining a preferred route. Node information 855 may include 
information about particular nodes, such as the node information described with respect 
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to FIG 4 and the node information data structure 600 in FIG 6. Directed link 
information 855 may include information about particular directed links, such as directed 
link information described with respect to FIG 5 and the directed link data structure 700 
in FIG 7. 

5 The route search processor 840 may direct and control the determination of a 

preferred route, such as described with respect to FIG 4. The route search processor 840 
may store the preferred route determined or other routing results in routing results 860. 
The route search processor 840 may provide the routing results to the routing-results- 
presentation processor 845. The routing results presentation processor 845 may present 

1 0 the routing results . 

FIG 9 illustrates a process 440 to determine an intersection cost and associate the 
intersection cost with a directed link. The process 440 may be performed on a 
predetermined or as-needed basis to determine intersection costs prior to or during the 
execution of a process to determine a particular preferred route. For example, the process 

15 440 may be performed when new route network data is developed or received. 

Alternatively or additionally, the process 440 may be performed dynamically during a 
process to determine a preferred route. Intersection costs also may be referred to as turn 
costs. The process to determine a preferred route may be performed by a routing system, 
such as, for example, host system 110 of FIG 1 or by host system 220 of FIG 2. 

20 In the process 440, the routing system accesses route data (step 910) and selects a 

particular intersection for which the intersection cost is to be determined (step 920). The 
routing system identifies the link geometry and the presence of turns (step 930). For 
example, the routing system determines whether a turn restriction is associated with a 
particular link-to-link transition. A link-to-link transitions may represent a particular turn 

25 in an intersection. An example of a turn restriction may include when a turn onto a one- 
way link or from a one-way link is prohibited. When a turn onto a one-way link is not 
prohibited, such a turn may be given a relatively high cost compared with other types of 
turns. Similarly, a simple U-turn may be prohibited or given a relatively high cost. 

The routing system also may identify a false intersection. A false intersection 

30 may occur when a circumstance occurs (such as a road name change occurs or a turn is 
encountered) that typically is associated with an intersection but an intersection does not 
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occur. For example, a false intersection may occur when a road crosses a state line or a 
county boundary. For a false intersection, the routing system may determine a cost based 
on whether a road name matches and/or the turn magnitude. For example, when a 
highway crosses a state boundary, the name of the road may not change and a sharp turn 
5 may not be associated with the link. A low cost or no cost may be associated with such 
an intersection. A false intersection that includes a sharp turn may be associated with a 
higher cost than a false intersection that does not include a sharp turn. A false 
intersection in which the names of the roads do not match may be associated with a 
higher cost or a much higher cost than the false intersection of roads that have matching 
10 names. 

The routing system may identify an intersection that proceeds to a ferry and 
associate a high cost to such an intersection. 

One or more ramp-to-ramp transitions also may be identified and a cost may be 
associated with each type of ramp-to-ramp transition. A ramp-to-ramp transition may 

15 include the intersection of three ramps. This ramp-to-ramp transition may be associated 
with no cost or a low cost when the ramps continue without a sharp turn. When a sharp 
turn is included in a ramp, a low cost may be associated with the ramp. When there is a 
complex intersection of more than three ramps, a higher cost may be associated with the 
ramp-to-ramp transition than a ramp intersection including three ramps. A high cost may 

20 be associated with a ramp that crosses a road. A ramp that crosses a road may indicate a 
route that exits a highway and then re-enters the highway. Such a route generally is not a 
preferred route and a high intersection cost is associated with this case. 

A simple merge from a ramp to a non-ramp (e.g., a road) may be identified and a 
cost may be associated with each transition from a ramp to a non-ramp. Some 

25 implementations may not identify an intersection cost associated with a simple merge 
from a ramp to a road and may only identify an intersection cost associated with a ramp 
that exits a highway. Alternatively, some implementations may identify an intersection 
cost associated with a simple merge from a ramp to a road and not identify an intersection 
cost associated with a ramp that exits a highway. The approach of associating an 

30 intersection cost only with a ramp that exits a highway or only with a ramp to a road may 
ensure that the route determination approach does not unduly penalize the use of a ramp. 



Attorney Docket: 06975-3 1 8002 



When an intersection cost is associated with a simple merge from a ramp to a road, the 
intersection cost associated may be higher when the simple merge includes a sharp turn 
than when the merge does not include a sharp turn. 

Other types of ramp to non-ramp intersections that are not a simple merge may be 
5 identified, such as a "merge right" intersection, a "merge left" intersection, and a "merge 
cross" intersection. A "merge right" intersection in which a ramp to a non-ramp merge 
occurs when a road is located to the immediate right of the merge may be identified. 
The cost associated with a "merge right" intersection may be based on the road class type 
of the road. For example, a higher intersection cost may be associated with a "merge 
10 right" intersection when a state road is involved than when a local road is involved. 

A "merge left" intersection in which a ramp to non-ramp merge occurs when a 
road is located to the immediate left of the merge may be identified. The cost associated 
with a "merge left" intersection may be based on the road class type of the road. 

A "merge cross" intersection in which a ramp to non-ramp merge is not a simple 
15 merge and a road is not located to the immediate left or immediate right. The cost 

associated with a "merge cross" intersection may be based on the highest road class type 
at the intersection. 

A transition from a non-ramp (e.g., a road) to a ramp may be identified and an 
intersection cost may be associated with the transition. A transition from a non-ramp to a 

20 ramp may be referred to as an exit. A simple exit may include three links in which the 
link adjacent to the other link is a ramp. The adjacent link may be referred to as a "to 
link." The other link may be referred to as a "from link." In a simple exit, the "from 
link" is one-way. The intersection cost associated with a simple exit that includes a sharp 
turn may be higher than the intersection cost associated with a simple exit that does not 

25 include a sharp turn. 

Other types of non-ramp-to-ramp intersections that are not a simple exit may be 
identified, such as a "left exit" intersection, a "left exit from a one-way road" 
intersection, and an "exit crossing" intersection. A "left exit" intersection is an 
intersection in which the "to link" is a ramp to the immediate left and the "from link" is a 

30 two-way road. Generally, a route that uses a "left exit" intersection crosses a lane of 
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traffic to make the turn. A higher cost may be associated with a "left exit" intersection 
than a simple exit intersection. 

A "left exit from a one-way road" intersection is an intersection in which the "to 
link" is a ramp to the immediate left and the "from link" is a one-way road. The 
intersection cost associated with a "left exit from a one-way road" may be less than the 
"left exit" intersection cost. 

An "exit crossing" intersection is an intersection in which the ramp is across a 
road that is of a road class type that is equal to or better than the road class type 
associated with the "from link." In such a case, a stop is highly probable and a 
substantial intersection cost may be associated with the exit crossing. 

An intersection that includes a limited-access link to another limited-access link 
may be identified and an intersection cost may be associated with each link-to-link 
transition. A limited-access link is a road to which access is limited. Examples of a 
limited-access road includes a service road and a divided highway. An intersection of a 
merge of two divided highways is an example of a limited-access link to another limited- 
access link intersection. The intersection of a merge of two divided highways may be 
associated with a moderate intersection cost because traffic congestion may often occur at 
such a merge. A merge of two limited-access links in which neither of the names of the 
limited-access links match with the names of the links proceeding from the intersection 
may be associated with a substantial intersection cost. 

An intersection that includes a limited-access link to a non-limited-access link 
may be identified and an intersection cost may be associated with the each link-to-link 
transition. When the names of the links at the intersection do not change, a low 
intersection cost may be associated with the transition. Such a transition may occur, for 
example, when a divided highway ends and the road continues as a single lane in each 
direction. When the names of the links at the intersection change, a moderate or 
substantial intersection cost may be associated with the transition. Such a transition may 
occur, for example, with a turn onto a service road or a U-turn. 

An intersection that includes three links may be identified and an intersection cost 
may be associated with each link-to-link transition. When three links intersect, one link 
continues, and no name changes occur at the intersection, a low intersection cost is 
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associated with the transition. When three links intersect, a road is on the immediate 
right or straight ahead through the intersection, the intersection cost associated with the 
transition is based on the stop level of the intersection (e.g., the difference between the 
road class type associated with each intersecting link). Similarly, when three links 
intersect, a road is on the immediate left or straight ahead through the intersection, the 
intersection cost associated with the transition is based on the stop level of the 
intersection (e.g., the difference between the road class type associated with each 
intersecting link). When three links intersect, a link is a ramp, and the intersection 
includes a link that does not have a matching name, a moderately high intersection cost is 
associated with the transition. When three links intersect, a road is on the immediate left, 
immediate right, or straight ahead thorough the intersection, the intersection cost 
associated with the transition is based on the stop level of the intersection plus a 
predetermined value. Typically, the predetermined value is the same or higher than the 
cost of intersection cost associated with a three-link intersection in which a non-matching 
name of a link occurs. 

An intersection that includes four or more links may be identified and an 
intersection cost may be associated with each link-to-link transition in the intersection. 
The intersection cost associated with a right turn may be a predetermined value (e.g., 2) 
plus the stop level associated with the intersection. The intersection cost associated with 
the left turn may be a predetermined value (e.g., 4) plus the stop level associated with the 
intersection. The intersection cost associated with crossing the intersection (e.g., 
proceeding straight through the intersection without turning) may be a predetermined 
value (e.g., 3) plus the stop level associated with the intersection. 

When a standard intersection includes the name change of one of the roads, 
typically a substantially higher intersection cost is associated with that link-to-link 
transition. For example, the intersection cost for a right turn may be a predetermined 
value (e.g., 10) plus the stop level associated with the intersection. The intersection cost 
for a left turn may be a predetermined value (e.g., 13) plus the stop level associated with 
the intersection. The intersection cost for crossing the intersection may be a 
predetermined value (e.g., 12) plus the stop level associated with the intersection. 
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The routing system determines road name matches (step 935). The routing 
system may determine whether the names of two roads on the opposite sides of an 
intersection of two or more roads match. When the names of two roads on opposite sites 
of an intersection do not match, a higher cost may be associated with the intersection than 
5 when the names of two roads on opposite sides of an intersection match. This may help 
reduce the number of maneuvers or turns performed in a determined route. 

The routing system determines the likelihood of a stop (step 940). The routing 
system may determine the likelihood of a stop (e.g., a stop level) based on the types of 
roads that intersect. For example, the stop level of an intersection may be based on the 

10 intersection of two roads of differing road class type (e.g., an interstate, a U.S. highway, a 
state road, and a local road). A value may be assigned to each road class type. For 
example, a value of 2 may be associated with an interstate, a value of 4 may be associated 
with a U.S. highway, a value of 6 may be associated with a state road, and a value of 7 
may be associated with a local road. A stop level may be determined by determining the 

15 difference between the value associated with the road class type of the "from link" with 
the value associated with the road class type of the "to link." In some implementations, 
the range of permitted stop level values may be limited (e.g., may range from -2 to +2). 

The routing system determines an intersection cost (step 950). The determination 
may be based on the analysis performed in step 930, step 940, or other types of analysis. 

20 An intersection cost may be determined for each turn or link-to-link transition associated 
with a particular intersection. 

The routing system associates the determined intersection cost with a directed link 
(step 960). For example, the intersection cost may be included in a directed link data 
structure, such as data structure 700 in FIG 7. 

25 Referring to FIG 10, a routing system may use a process 450 to determine the 

directed links that enter a no-outlet region and the directed links that are within a no- 
outlet region for routing data. The process 450 may be performed on a predetermined or 
as-needed basis prior to the execution of a process to determine a particular preferred 
route. For example, the process 450 may be performed when new route network data is 

30 developed or received. Alternatively or additionally, the process may be performed 

dynamically during a process to determine a preferred route. The process to determine a 
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preferred route may be performed by a routing system, such as, for example, host system 
110 of FIG 1 or host system 220 of FIG 2. 

The process 450 determines whether a particular directed link is a no-outlet link. 
The process may be applied to one or more directed links in routing data. The process 
450 begins when a directed link is received (step 1010). The directed link that is received 
may be associated with a starting node (here, an origin node) and an ending node (here, a 
destination node). The routing system uses the routing data to determine whether two- 
way travel is permitted along the received link (step 1015). For example, the routing 
system may look-up the directed link in the routing data that identifies whether a 
particular road or directed link permits two-way travel. When the routing system 
determines that two-way travel is not permitted along the directed link, the routing 
system does not identify the directed link as a no-outlet link and the process 450 ends 
(step 1020). In some implementations, the directed link may be identified in one or more 
data structures, such as data structure 600, as a no-outlet link. 

When the routing system determines that two-way travel is permitted along the 
directed link, the routing system determines whether the origin node (e.g., the starting 
node of the directed link) is a terminal node (step 1030). A terminal node is a node that 
connects to only one other node through a connection that is a two-way link. Two 
directed links connect a terminal node with the other node. One of the directed links 
includes the terminal node as a starting node, and the other directed link includes the 
terminal node as an end node. A link that connects with a terminal node may be a dead- 
end street or a cul-de-sac. Travel from the terminal node may not be restricted. When the 
routing system determines that the origin node of the directed link is a terminal node, the 
routing system does not identify the directed link as a no-outlet link and the process 450 
ends (step 1020), as described previously. 

When the routing system determines that the origin node of the directed link is not 
a terminal node, the routing system determines whether the destination node of the 
directed link is a terminal node (step 1040). If so, the routing system identifies the 
directed link as a no-outlet link and the process ends (step 1050). In general, travel to a 
terminal node may be restricted. 
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When the routing system determines that the destination node of the directed link 
is not a terminal node, the routing system performs a search from the destination node of 
the directed link to the origin node of the directed link (step 1070). Travel from the 
destination node to the origin node along the directed link is not permitted. 

When the search finds the origin node (step 1080), the routing system does not 
identify the directed link as a no-outlet link and the process 450 ends (step 1020), as 
described previously In such a case, an alternate path from the destination node to the 
origin node exists and the directed link is not a no-outlet link. 

When the search is completed (e.g., no nodes remain that have not been searched) 
and the origin node has not been found (step 1090), the routing system identifies the 
directed link as a no-outlet link and the process ends (step 1050). 

In some cases, the search may be terminated before the search is completed (step 
1095). If so, the routing system does not identify the directed link as a no-outlet link and 
the process 450 ends (step 1020), as described previously. For example, a search may be 
terminated after searching for a predetermined length of time or after searching a 
predetermined number of nodes or links. The termination of a search at a certain point 
may be useful when searching a large number of links (e.g., a route graph that represents 
a road network that covers a large geographic region, such as a country or a state within a 
country). When a directed link exits from a no-outlet region, the entire route graph may 
need to be searched in step 1070 because there is no path back to the origin node (except 
for the disallowed link from the destination to the origin). The time required to search an 
entire route graph may be significant. The termination of the search at a certain point 
before completion may help improve the efficiency of the process 450. 

When a directed link has been identified that enters a no-outlet region, the routing 
system traverses the network from the directed link that enters a no-outlet region to 
identify the directed links that are within a no-outlet region for routing data. In some 
implementations, the routing system may only identify the directed links that enter a no- 
outlet region. 

Although FIGS. 1-10 illustrate systems and methods for determining a preferred 
driving route, the techniques are not limited to driving routes. These techniques may be 
applicable to determining a preferred route using other modes of transportation (e.g., 
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walking, bicycling, flying, swimming, or navigating a water route). These techniques 
may be applicable, for example, to one or more computing devices for determining a 
preferred route that communicate in a client system and host system (e.g., an Internet 
access provider or an Internet service provider) relationship, a single computing device 
(e.g., with or without networking capabilities), or an embedded system (e.g., a navigation 
routing system in an automobile or other vehicle). 

Implementations may include a method or process, an apparatus or system, or 
computer software on a computer medium. It is intended that various modifications may 
be made without departing from the spirit and scope of the following claims. For 
example, advantageous results still could be achieved if steps of the disclosed techniques 
were performed in a different order and/or if components in the disclosed systems were 
combined in a different manner and/or replaced or supplemented by other components. 
Other implementations are within the scope of the following claims. 
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